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C^iPA?'* fW-j'^T uiTv *i ^q|n
A*'.
i 1 • •'^' ^ . ~^l«MVHiaM db^
rtMSW
torU V«r It r#t«PMKl i.ti« or/aul rMtifi*r to a pl«d« of prwHaMM
in %t'S fl«ldi of «l«»troniafl. '1sttr« li At pr«««fst. no aoitpocittiit in
Ml* 4«v«l«]piMtt% •%mt* t-uit Hill li—
«
tha itrjrstAl r«otifl«r*«
Kany tj-pMi of 4»ry«t«l r«t3tifl«rs hAv« b««n d«v«ld!p«4 In
%im ^«i& t«» y««r3* ^wong ibCM t«^« i^slgji ••nAltlvityf low ^«ira»iit
Ill?}i U ;>ro?>&5l7 the zQ9t «14«ly iMMi4« Ttotigiei Mwd pri^jurily 9M
« Klii«r TT^stAlf it is ftlAo Q««<a * A Icv-UveX di«t«oter ^'lib fo^
f<M«Ii«* :<MNiv*r, a SAAroft for AjMHiifl? ^nforKAilon in tna Iov->l«v«l
^.4a» '9ii}ArA0t«rl«tios r«v«AlAd vary littl« uAAAblA la oriMtlofi*
In thlA p&pmr a •—try of ih<» neiMirAl ftAory of Iov-IataL
IdAO Ory«tAlA lA giVAfl» fOt.lO««4 d^ tn« AXpAriWKltAl <iAi«rKinAtl9i>
of U)A Iow^IavaI vi4«o AterA3t«riAti<3a for tno Ilf?3i <Nry«iAl« Th«
AS|M»ri»»ntAl rAAultS at* A(MM«rlA«d, An4 fOMWAttdiii^WHI AA to thA









ontum ^# tinatr or oifstAt mctintts
Tilt SarrUr-Uywr n«atlftoatiqn f^rimjpU (2» ?7> »n«l 6W
tiM ttnii i>»wili for iU #:»%!•& on ill* olMtridftl 9har«at«ri»tlo«
of %im »««loQfMta«t«r«
A MMitdAdMior is * •«!»•%«»«• wtii9t\ off9r« lew lagwteaM
flow of ourroni in tht eppMlU <ilr««Uon, Soctlfloatlon rM«li«
flpoa ^M prM«no«» in th« smiaoaiiiotor adjMOfit %o tto otial
•biolwr oooiooit of m poiontlal t>«rrlor or bill wliloli ovrront
04Mrrior«, olooironn or iK>l«o» wtft ororaoMi ^n or4mr to flow aoro^o
ilM flMiUil--«Mil«9iidi«tor jvMiioii, Tb« low i«pod«no« dlrootioii !•
i^i In vfoiob iho oArrlort flow froa tbo •ooitiwMhNtor to ilM Mial
vtalakor*
If « volU«o U oppliod to tlw rootlfior in i)M lov
imptt^umm or forworn tflrootloa It tocda to roduoo tKo Dotontlal
kmriw oaA Umt looor thm or/oWl iapoteinoo. If a voltago la
OippllotI in ilM roToroo dlrootiofs It tootte to laoroaso th« barrier
lajrar and tJMa inoraaao tKo iojioiiinat to awrant flo«. A typloal
vg^ltafOHiiuTont avann rMmltlng froe thia aotion la Bhomn in
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fIH»t««ila« 4»vla«8 <l*p«f)d far ii)«ir op«r«ii0ii <m « wmk
oall»4 a Miiir*»U« teUtior vbim lie Y9liac«*ourr«ni aii«r««%«rUtio
At th« op*r*iliH: point smi te %ppt9xiauAmA t>/ a parft^I*.
TiM Wilpvi ef tlM *9\aar«->l«> d«toe tor viil te Bdiiand of
« 4«« >ini»fi»ttt aad an »»3 mm§9mm% iwopertlonal t» tiM mmmt* of
ilM lUMit volt«80 for •Mstn froqsois^; ^^^onsiat of th« Ispot pl«»
%)«• •« And 41ff«r«oo« tr9^mamUm of w^r/ po««ll>lo ^mi^imMUm
of fftnniBOi— in tho lfi|mi slc^al. 'ttm MagRltiiio of tho ••a
•tmpAMWit. In tbft output vlll Ho p>foportion*l to im 99vmA AmrirmXtf
of tiM ahsr«otorlaitlQ ourro At tioo opor«ting point. WotIimi ou^rat
«1IX )>• ototAlnwl mtmn ibt epATAtlDf point U tfao ^Int of tKAxlmHi
•wvAtnTA of tbo vollm mmrmA 9tsi&rm6%mpi9%X9 ourvo* Ttao A^orAtiait
piilii Mf tM «lj««t«d '97 MMtM of tiM Mas VOltAgO*
niA i—twAliit arottit (a, ^l, Audi 6)
Tiw gAMiTAlly aMA|^t*4 oqtilvAXont alraalt of tho oryotAl
rootlflMr !• •hovo in Figtoro I. Ttols i« tho Ali^iplMt pooni^o fom
Mid it ftMOd on tfto Mcuoption th«t tiao iii;l«kor nrnk— sloflA-fAlBt
•oniaot wltA tilt tlUoon oMdoofidufttor.
TlMi .>Arrior rotiotAnoo ik i« »3n->IiiMi«r. It dooroMot
vltb dkpplloAtion of r^rvmrd )»1m» and inaroAtos vltJ3 ravorAA ^aa.
tlM apTAttilAg roAlotAnoo r is Vm rosla tanoo of tlw
AAsidWidAOtAr Mtal oontA^t, and la oausad by tfm oonatrlotion of
AWTABt fXo» XlDAa it: tbo a«tiAoi)d«9iar oaat tiia whtakar osatast
•-4tMi » mtt K&tivwmfb %*m>^ n
:-««1Rpi^ 94 r
'»»M|air:










F'IGURL '^. ~ E<j)UtVALENT ClRCUiT OF




FIGURE v5^ - [/oL TA G£ G^NE-ZPA TOR C/'f^CU'lT
Of A V/oEo C/^ys T/\L

Tr = ^^ (—) (I)
tm WMH'iiniMB* fcMMrrittr Mip»aiiAiMM a it a vw^lt at ttm
•ItirttK* ^^ 9hmP$i9 in tb» doundary l9jf9r» Tte v«lu« of ; «t ««mi
^M i« if^vroiiiMUly IP sioyonlavofcraft* It U r^atlvcly
iiii>yw>d»Bt of v«ri«ibioM itt *Mpli»S voltag* (n). Jit higli
fr*<)oMiol«« Mta AS « i»jr*«p«M t« i. a4 vi4»9 fir«qMin«i9« &
It j iw—ia^i %o r«pr«««»i it at * four Urftir^l nmUtaifk in «)iUk
•ib«r (?)• ^JBM tht •lareNRBTt «Mrf]r cttttrM 1» J^ot AffMtMl ^ tlw
HIV tot«rR«X f•iat tiiet of ^^ s )^ -^ r. thi» I* 9imm in flf«r« $«
in «e<l ^a|J H^ 9i»irlou«l7 batti foMilAM of ^ryvtAl bl«t« a;^ Unit
ifelA olta^ ctntrAtor AoiiMpi U «0«4 •oly f(H> thA bl«t «p»9lfl«d.
TtM iMd i« jBMHtia AS Ahovn in Xim flg«r««
.*;•« A^^n-dHn C of (?) for t^M AprAA<i1llf rAAi«t«llAA of All
•UiptlOAl QOniAdt* (6) 41A0MA9A tiSA ImlfA 9^9 OOntAOt »f tfat








•* t'lr^cr^i' an V^^
Mil te. imr» U mm%imm ««aNNlt 0m ^ hm^ j^
«n*VMM«MMaM
from figwm i» it U ••«• X^% %m output li^adftnM of
%lm ri4»9 iapMlMM* ftm^mtm • pur* r«ii«t«flto« m4 is ilv«n t>y
TiM •«rr«fti MMltivlijf of a ir/9Ua yS is dafln«4 at Ui*
r«tl» of Um slMri Alrault r«atifl«di ««mni to thii «bttortMMl
Nrlftf«r (7)» «ii4 lawian ot «X (lu) hw obown thci ttm varlatloa of
/} vltSi Uj» ttogr M osirirostod m
iif Tf «nd w «r« 4MI proTlovil; (ioflnody *nd /^^ lo tDo oarrofit
iilvlt/ «i tore M«««
tlM or/otol 4oiooior io o noioo ^^onorfttor oo «wll «o «
•iopMMfo oocforlor. dorlnfor (7) feat <l«rlf«d on ojc^rooolon for
%lbm ootfftti •ti«ioX-%o-oei«o volioso i^tio of o or/oial-^doo rooolvor










% it^Ml ip»X%ai« «»iip»t
l« S4^1<r«l*iii noi«« rMist«no«i of th« r«^s«lv«r» tvi by JAV
4ip«Mifle«t.io9vi at l,4hX} ohM.
T ttMp»r>iiar« of H^i 1b o«gr«M t^lvin
B ioi»« InndwIAili ikf rsMlircr la •!»••
frsNi ByMrti»a b mil t&* aryitai pAnuMwim srer ItMtpia %og»%iMr ^




Saith (75) b«« viiawe x.nik% i !• 4ippr«siMit«l/ •<)uaI to i.O vli&ln
Xtm l»iM r«,f!lon ram^ in ths t*olXo«leg «X9«rta«ot«. TtMi taIvm of
1.0 will \m \m9^ Utra«<tao«i ttM pAper.
Vrfym Qu«ii<»is 6 It La ••«» th«t for « flvan nM«iv«r
•p«r«tio$ At * aon«t*iii Xmmp9raX\xr^9 antf r«r « •^•eifl^d •igiUil«to»
nol»« olt4M||» «i»i|»ut ratio, u \m liir«r«oly paropogrilonal to f•
M»
-^ (6)
• ^ <toflnltloB t is Mm ratio of tiso avalla^Io noiao powor otii{»«tt
of th« orjrital to that of a raaiaior at rooa tauparatura. ttiovfli
it la not a taaparai^rat tbt tarn *noiaa t«afMirat«ra'* la aoaaonljr
a94a{>toi} and vidaljr uaad*
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.'i' <r>- ^ T <i •
•
in
tm »tt4io «plifl«p t» A hlsh g«in# »i^ *n^ narrow b«ad
rA4»l6IA#. X% ««• op«rfti»il narrow ma^ tM ai^llfiiKl only ih»
fwnrtiwntal of tto« orysUl output p«ls«* Tho input tr«n«ferMr mt»
by-pMtody Md Uhi ovtfmt froa tho orystal loading olroiiit pXaa«4
oa tbo inpvt i;Mn oontrol. till* Input eiraait «rrftii«i«MB«nt sr«T« an
llf«% jJMWWtiwfit to tlio MiDlifior of O.S MgohM. TlM 6^6 output
rootifior tt^>ft VM r«»»v«d «b4 tli« •ifiMl wsumallf 9^pX%9d to itt
plAto ««t «o«oiirod by tb« r^ivlott»f«<3kard iedol M30A voltMtor*
Xb doUrKiration of tho ftmvf of litrit Uui rAA*l6a
«M roplaood ^j « Ball«ntln« Toltvotor Hodol 300 iilioto inpvt
roolotomo U 0,^ aofOlnM* AUo « Oilloiit If^dol 2CMMI ooollloooop*
WM u««<l «t ftn output indloator in j^Xaoo of t&o H«»Ioti-4=^*nk«p4
oltMltor,
Tho oirouit uoo4 to biao oad lomi Vm oryttol io ot&own in
dotiiil in ^'igiaro 7. To kooy neito piok»>»p to « wAadmm it «hi
noottvaary to plaso all ^soaporsonta OR>3loaod by tho daalkod lino in
figvro 7 aarlro4 aliaaaia in a oonplotoly onoloaod aotol ohaaaia*
• A oirouit dlagro* of tnla pioeo of oqaipaMHtt aay bo foimd Jji
"Toohniqua of Mi^rowava ^oaauroaoata", KaatfOMary* SeOira»»HiIX
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TIM UaA rmtM%tm9» % fea4 a iMtilWln thKild mad mtt 9omm9 lm4 t#
Urn e«Ul <ll»«Mi8 S>7 • •eaxlAl <ii^I«. £!|^ »a? « non>iiiii»tlY*lf
Th« :cior4«ttv« ptytmr «^ >^TTl#a frcM ilMi TS-13/il^ Hj mmm aC
•tMKl«r<dl I «•• tMuad «i»r«g>}t<:hi t'> « ¥ftrl«i>l«~tun«d 3 o» ^and oryatal
tol4#r ««w^t«i &n %tm 9149 of Uit i»iifetlng elraiilt 9lMMi«*« Tte
««%.>«% t«r»l«i«l of tNi tiryst*! haX^ar «M intida Um ahtMit. TIm
•ff*«iiv« tti0ro«air« iftj^i t9r»in«I« at* si'sovr bj to* dil«cofmL llsMM
in Fiftir* 6.
• For d«tAil«d drvrlcf &t orjrsWl &oX4ar ««« pag* J$3 of (2).










mm nomnmm am mumoB
§imm li la poMi&X* to r*pr9»«nt %m vl4*o •rjrat«l m a
vol%«i* f«n«rfttor wltli «a inUmt^ r««l«W{^«y it Is ApfMTWit Uifti
"M^"—* 9«««r transfer to ^Ml ItA rMlaWiMMi will o«««r f^mm K,
•riikiidfi of a, »ltli ptmtr l«v«l «i4 til«ii la b«Mdi «« ikU ««simBi
tp«n«jr«r isrlftdipl*. I^iv* arsraWU vara aiMMNn at tnuOiom
tt>a avaiXaola a^^pXy ao that a aaaavra of tha varlatloa to ba
ai«»aatad froa apyatal la ararttal aaald te datar»inad»« All aryatala
wf of liylLyanla daaign aa4 MMtfaatara*
yarltttlon of :ryatal ftaalatanaa Hth Wjaammem 9mmf tf»l
TlM fIrat axparlaant «aa tiaalgnasi ta datamlna th» arlatioo
af fk^ aith varlaMon in tha aiaraaara paaar iivpvi to tha ar/«tal« 4
biaa a«!ffT«nt of 10 alaroaiaparaa a«a i^t tHrotagii ^9 aryatal and tha
laaii varlad for a saoataat input pa«wr of yOObm (daaiaala balov a
aillivatt)* th% o\tts>^t voltaea ahaan on tha Hawlatt*Paok«r(l
valtaatar aaa raaerdad. Tte tJtMm proaa(itir» «aa rapa^tad far iapst
j^onar lavala of Ijddkm moA b$tfte« Ttoa raaulta of all thraa paaar
larala mn plcttad In fi^pmm 7*
Ta <Aatarift^n« R. It la naa^ary to find that Talaa af iX it
vhlota *al:aa tha iiawar tranafarra^l U tha laaci a saxiaoia. ?hls la
doaa ^f 4atarKio';og tha palet at vUsh a llaa of aanaiant pwar
• far iAaatlflaAtiaa {wrfaaaa tua aryataia aaaa wnf aaalgaad mmibmrmi
aa tha matrm throtigiiout V.o ^apar.
Ill '"* .; T J (r .'
S§M-6 Smtirri"-
'**"«•
"u^ i s---X irw~:»* e-c:




m% itiAt r%lw» ^f i|^ for wr.l'2li ib« 0Oif«r in ttMi Id^d im « watiiiaii
A Xio« qC aofkBUmt pwmr is «)t<hri in Ui* flg«r« for r«f«rMi»«* tiM
Vttrtlaal ^^lurka on A^oh ^vitt9 •bow itMi poiniii of UuiftMir* ^i« *i
ihls polot Is •q^4l to l)j^ for ib« !>1m aurrscit ustt4 In Urn mMfmrUmal^*
fffOK I'igtirs (i it ii •••a thai the v&ri«ile»n of erjstAl
ro«i*%«it« is taiitltgl^Ts for povtr input btti^sn 0.03 ft£4 1*0
tti9ro«r«t%« (l!>4iMi mad 30^ik}. th9 r^aalmlvr of ihs axptrinoott hsf
b««R 99' du^ttd At tn« ^t04i» lovol ftn4 t^ rtttttits am conaldarad
vali4 far th» «T^tlr« !ssl«7««att ration (^tm to 20gUmi).
Var latlow of arystal Haalstama nxth Bias
fhe a^irvaa oi* fig«v«a ?» LO mA II vara :»dtalriad far dlaa
•tarror^ta of 0.0» $.0 and 10.0 alaraan^ras raapaotlval/ b/ v^arjriaf
iba orratal loadl raaiataeaa and raaardlBf iMi awlpii^i^ voltaga aa
w—d OR tha no«latt~?ackard irolta»9tar at aanatafit pawar Inpot. ^
daii^rmf nlBf iha point of tan^anoy of tna liixa of 9o»starjt pomw^ «a
0sm UM aafara gat %Nt value of fi^. Tha s»elBts of tan^'orcy ara
lntflt)aiadi by s^9rt T#rtieal Unas on tba cur as* 7ba valt'O of i^
is ahoan Hr vartiaa? 11' as naar t^a bott<^ of tha flsuras, Umi
alaa balnf raa4 as tba M,^ seals.
A saa-^nd '-aart r»r 4ater9;lnlnjir orystal rasist&naa-lilaa
•iMraistariaUaa Is t^A !tiv!r>T ^thsd. If tlia ai»afi direalta4
aalitfa af T^Lr^a ^ is ttiaaii and Rj^ Is a^ii^stad to «iY(i an aatyut
volta^a of oaa Half tha opatt alravdtadi volia^a, ap»»liaation of
tbavaaia'a TbaaraiK sho«s t,nm% H^ Is aq^al to R^. :o»(»atatlana
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b J « * y 10
LofiO /?£'^hTA^cs //w Thouj^a/os <?/=• Qnt^s

of Uilt pp<HKidw# 4ir« tai>ii'«i*d In t4&l« T. T^atnf th'«t 4At« Urn
a<anrM for «rjr«t*l4i niii^vr 3 and S mur* plottMi aea Ar« snonre in
^
U«f«rin$ 19 fUfmtm $, It In M^n that,
jT ^ ^^-r ^ ^ )
,
/ (XO)
Zf i|^ i« ••% 9^aX io tmro In fif^arii $» th«iij|
,' _ ^ (U)
If S;{^ !• Mt •QQftl to lly, th«n
^j^ and l«^, r^r t!^«i ai>r^jllilon that Hj^ •^mI ij^, mfm tiytvn
In T*&I« I. ysinf thta Jaui Afi4 ^iAtion 13, th# eisPYM ia Pl€«p» 13
w«r« plotiod. ^Iii9« ^2 ^' >*^^ '^ rtinaiida of |i»wir !• ul iin th»
i^«r«Mti roflo« tho oonota^t X|)\ <t*ii» only stjt a iino&r a^alo
IP]
fmiAT for t&o stsnroo*
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^S/AS CuRfS')ENrJ/^M^ 1. i

ii> 4o ^o 80 l^O
„.l

V|i^t^w nf Crystal ''^y.t-.nt 7olt|^yi
Cranital 9¥iput volt4Mt* v4« lftv««ti^4te4 in tisf9 wmmmmi
\) \>y ih* T«ri*tloik »f \A9 i>iat oi^riM^t with %h« lo«ci as « pttr«Mii«r«
9) lb*'' %m i&r5«tUn '^.f bi4a wlih %h9 pernor inp-.tt to th« Qrf9tttX m
« yirnMittrrt ti^ \r>mi N»lfif laei^i ao^tttnt nt 2,t^-^0 ohm*, 3) by Umi
virifttto« 9f the pQ««r lF)p^t »ltt-« ih* biajr ^Ing t«lr.«m m « [liUMilT
Th« rwi>i^lit &t iJMMNi t#«t« Ar« ffhsiffii in rtgur«« 1)1^, 15« 16 «aA 17 •
TarlAtion '^f arjatal ontt»ut vol !&.<;• f«n- ;nrf»r<mt <ir/«t«2ji
WM dt9t«r>vlrt«d Mt « fu».?tlon --jT b\u^, "id r»':i'j3.1» i^r* «no«n In
ris«r« 16.
^irttt!^ fit Crytttl f-o^ynr Oalgyt
pomir ir«&«f«r !>•» i^)» oryaUl i; th« lo«4« froa tisU ^t« ^^)'
«•• 4tl'3til«i«i ait4 intt r««uliir>.g sAirimM pnmr trarsfar sunr* is
•iMMk la figtv* 19.
Tw:> ^^n: a.ia »«r9 ;;««l to <t*l«radis« tte fwiaiiloa of M
nitte a»i«fl. tha tirM% wm hf •iitetli«tlni l»l« Kquatioa 7, ib* 4aW
waIIaoJL* io T«dX« t aniS ?lg\!r^ X3. Te* rMultt ars givvn le
ri)« »m^an»d •»%hO'i W9M by •]i:$;>«ri««fil«tl«i) iMHiaa «b Ui«
faoi i»<tt for A «eSvts •ignal«>to<-noi«« v»lt4^ oi>tp»t rati^i t^
Fi«w# of Uwit U l«iv*r««ly |if«90frilo««l io tho pwmr iii|>»t to iM
or/«t«l (Soo liiMtloo 8}« To dotoralo* S ^o bias omvont w«9
•djttvtoi to iiM doolrod vAlm aaJ tiio powor oat^t of tbo TS-Ui^
H^
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lo J^ ;30 4a SO ^o ?0 0<> 9o fOO

f»mammmwmmm
fig«p« 6 9hmm ibM.% iim r^itAion of orr^ta.! r««i«iitii««
FlfiVM 9, 10, II ftnA 19 giv« tlw VAriftiton of aryitsl
totaiK;*^ is 9Mm% JfOOO ollMi» «n^ t.-.» r*JB«jii3 ; '.v^r b: t^?» two
4«i«r3iin«4 by in« %«• 9*iho«ls at 0«0 «nd $*0 mimntrnfimr^a |»1m
•!irr«nt «r« 'i^^i la »4r%*sMnt «• is sfeavft dy tte ay«r»4r:« tralu** glvaii
14m Cvrrant 0,0 S^.O
-^ tMur U r««xilU, ti5 :«*i .- ilMi li«lvin« Mthmi, no «1lo»«n«o
«M ««!• f«r U« iaoroaso li^ ii^>« v^' ???lc r/:kio<» ToLt«ito <iov«loiMd
t>j t^ or/stol oiih iM <ioor«««o In ttios d«lo» 10 »;9ro«R;^9r««»
AlMTO 10*0 aiorOAtt^roo tbo 60 oyolo KK^loe Y?lt««o ««• fi«gll«lbl«.






«« « •^•^ «Iit* 0* •41 Ant
Mi ?U<. •'« '' .I,,?- *' ! Mtv »••*•' » * *• -^^ ^*'
1$
tk^% «r its* Imfii in «iy*i^l r««lsi«r.-i«t. li i» t}«U«v«<s that
M«t«4 by ilM v^r««»r^« in t]i« frjst«l nol4*r of 60 -isyolc saji'^tia
fl*ld«« Si^ttldlni; of tim 9q ipuMiit guv* no notl9#«T}l* ^tn^fi • is
ih* •ff«9i*
tiNi tlM^* of ttM Q»rv« in fltntr* X? s«eg»«ts « isew^fwlnw
variation of t^^ m « funation of blM. T)mi r.Atiar* of thlt variation
if oloorly •••Q by plottlni; Uw ^^rvo* of Fl^tsro X? on Xoig«>l«|t
p&9i9r m bM CNHm ^emo in Fl^iaro 22* Slnoo tne sl^pt o^ ife* ft«rv<i«
Is « oor^tttnt « ovo XO.O ti;lf^«Kporoit,
r^kiac ite liaii at
,
c£(/£!^_^ ^ _ ^ (15)
6««ifvorilfif .^«*iloi^ X!^ to natural XofaritffMi mmI liitojgratlvig*
an4
/e^s'^ ^ c, M)
a*l9m XO.O aloroaftporoa biaa ourront %tm OYponont a is not a











0/^S Ou^f^^A/r /A/ ^}c^OA*r^p»£f?^s^
>!
>7
riff«r« 13 i)^M»«i tl»«t %te a«rv«0 of 9t)rr«ni ssnsitivltj
4W ft foMilon Oif ^iM 3i3rr«ni of IV?JM amtaJUi «r« 0«nit><»Xi4 la
ogrr«^t ^f abo^^t (k)«0 «i<rotwyr— . TbU result is Ib «ffiia>Bt
vith d*U UiSMi to •%h*r %ypM «f ary«i«lt bjr S^ycrfewf^ ^^^rin Mid
foi«k (21).
Ory«i*l oli««* «>«%p«A 1< a fisae&iM «f ilw l«tti ani
tkt* M«f «« ih« rM Us 9f n«WMi lli« I'iv l6 Md 17 aiiMr*
fro« Flfiir* Ik it i« MMn tiiAt M th« load la imsrMMd
itw voitat* Airt^t lno(>*a»«« «mI %hm p Ini of a^miaw voltafi
dvipYti »of* to««r^ B«rt» blM. Ih« loaw ^f smoIbwr ««li«g« output
iM ifimmn in t!w flf«f«c, froa fchla it Is oosiiblc to int«r94lat«
%^ optlauff* vias aoiiditl:>n« for in* I04J it-t:v vnlKn « dr/3t«l is
^MfiltiMg*
yif«i"M 1$ «i»d 16 «ro« Ui«t tho <3rystal voXiag* oy^^vt
wmiM» oritlaally in th« <>o^.iitiv« bitm r^s^itn, A point of %mr9
o«tf»ut is •0*11 to sxist St jfcpproxiiNitMlir wlnwi O.C^ aior<Mttif»oroD







J"ni:cx} 9rii iBsn eci o^ nese ex inioq
nmiMindipi vinw (tt 'tm n«c*t.it« hftlf «>r %tm agryti a«ift^ fiv«it lx» figwf
21. llo«« Impft^tlon of rig«r« 2) »!»«• th* lnfI*C(tlor% point to )M
•t «|^rc»xl««Uljr «if»i« I.O «iar#«»^ftr«««
la yic«r« 17 th« alf^p* of th« 3'^ir*» •ho« th«t IWSli
wnrvtalA AT* tmry trnmrXf 9^mr9^iAv r«jt.ifl«r» wltliil t^ rogios
tMit#4. S^or th« 3»000 0lHi l««d «m4 liM Mwiam voltAg« oxityvi
ooodltloo a ntiam^ to b* at }0 »ioroii«p«r«» dlM ^xjrritni. The 2,000
AMI I««tf o«Mr* In rigwTM lb «Ml ?li 8h9« a sax1«i« «t ai^proxiwitAlr
this aiuM (iltts ourrant*
T« ilAtaimina Xam rmliHty ot ">• ai^va a«tA for osa vltb
vida ^ait4 an^llflara u^ Taa->X6£a «aa ra^^lMad by a 3allantln«
voltnaiar an^l da^ada a^'pliflar, vtelah ha4 a ^Miftd sMita of from >0 4iptt to
)00 &cipa» and tha inforaailon ^raaantad la Figxatm III was raiMiatad for
ifola vida Med oaaa. Tmo raaultJ wr* iNnm in ^^Igiara iU, QMvmtiaon
of flgnras Xh ani 2i aho« that iha rasulta of tha wida and narrow
tMMd aaaaa ar« In acraaikOBt. Tteo lii<««u- a^ala factor batwaan tbm
ordlnat«a ^f tna t«a aaia at oarraa ia doa to t^ dlffaronaa in
Mtpllflar «;ai?^.
i^roK t^.« ^Mva diaowiati It la aaan that if t!ia sryatal
•irt|i«i la to s>a V3it«j£a aaipliflad, narrow '>r vlda barid. It la
noeaaaary that tha jryvtal load oa «« larga ^ poaaliala, snd that
tha blaa -^ vary mtmt or a^iua to aaro. If It la naaa^aary to
oparata a orjr9ta.l into a volta^a aMpllflar vhoaa Inpiat raalatanoe
la balow SOyOOO oUaa it la adranta^^aaa to k»i«a tha oryat*!*
IntarpoX«tioR »f tha vaxlaKm voItA,:e owtpnt ownra In figuroa XU and




ifwiiT ox a9yfv^ jfium. mrmtt tiJ i* li«« f.
.«
tfttftJr-.fi #ui..tfry MMUssp Mtf tMM i^M^ -.i,,- vv^..,-* ...... ^o
t-' .;,7 w.T .ijUHMv^ tOif •TOi w^iiJNi OC J^» •<; •# M»«(f«
• /.'wn^'w «Rr& ««»« iJJUll
•Jtfl biaM(i«^ caw lU •wiU^ ai *• ^i«i0licl m$ turn ,«
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Ai^cfX*fQ 2r9\^dTip/\ ^AfjL^y,^^ T

dwiffti HhmpSSmmXmtmSmSmm
M 14 ahoum In 7i{«r« 19. TIm ,»aii«w ostput 90«r4»r blA9 jomiiiloii
for 9X1 drystals t««t«d 1« In tb« r*i^«a of |0 mi^ritmi^mr— oIm
«iirr«i}i* ti i« of ini»r««i i@ noi« tuiAi «t thl« blM i^^« 9ry«l4l
vlll iMi Operating «t a imnu* {easimMi tljiAaloto-aoiJM 4»It«g« euiirai
r«Uo M will 0* tliMn in %bm a»xt ««oili>s. Th« alop* ^f ib«
jMMwr diitput o«r^«s Miiiv 20 ai9r»«ip«rM ln41««i«!i that dontrol
of iho oi4Mi U iMooooar^.
[vira of l«rlt
Tte^r^ io • vidt) diS3ro{Mi^ 1» ttio j^lfiir« ^ INtrit am
dotorainod t^ itm t«o am^sia4ag doai^ttWtieii l^roa ii«rr<^ £>«nd d*i«
MKi iix^^4irliMMit«ll2r for t^ vldo tend o«o«,
i'TMi iJw nanrov d«ad Fi«v» wT liorli em»« (Pltcuro ?0}
11 i» oo^ tn«t tMot <»^«rfttio» U U bo obt«inod «i 4J»oiti 20
dcnroMpoTM blM onrront. tMt it roMonaoIo oinao that ««rv«wit
•onaiUvltir •MTVM «iio« a olailftr IrDrooto* li la to do pointod
Ottt tn«t thoro oigr Ittfo boon pv^Moni ibo offost '>f t^ 60 979I0
i»ioo Toltafo bolow 10 »l<»>e«R9oroo wriXoh ooiald M«o«ii for Vn
lorgo drop la H in iDU vg%&»m
In tAklxiK tho ilAto for Fifiaro 71, e4ro hm tAko» to
Inouro t^t tfao n^ioo oi»oorvod ««o not i<(«t d^m to 60 3jolo«. tho
60 oyolo nojoo voltago «m MUlflod ay ou >oriiH>««iac tho oryotol
otttptji oigMl o«i it)o 60 o/olo noioo output md roodiof t^io ovporlBpoMd







fiffot^ of INKrii %tm aryst&l tiiotld not %>• oporatiKt At thia poini
tmiMii th« M^llfi4ail4N3 noli is aa^ftbls of r«4«dtlng tb« 60 9|roX«
aelMt »imwwawt *rHS all it* iuuniiottld**
If %im 60 oyel* iioi«« v^lt*f« «an )>• •li»ir«ai«^ tbtn
arystAl r^^tiflor* ^an iM 9|MKP«t#di m% ftvro fe»i«« in ^onj^netion
with Y«li«c« tmplitimr* to g^vo oxoollont sign4Ll-te«>fK»l9o ToXtafO
•tt^pvt 3)ior«jt«ri»ti9o. iHowoTor, If tho 60 oyalo soiao voltag*
««ii aot bo rojoatod in oomo winwtr tiiMi tlio srjrotol i^tiXd bo
•porotod At About SO ^l^roAwporoo blAA ourroitt for l»o«t olsnAl*
to-»9loo roltAgo otft^vit rAtio*
ilRTi
nop«r«t«d«
Thm 4mt% 9«mpil*'i In tlil« {M^r Is ^•li«¥«il to 1m
•Dfflol^ntly Aoaittr*i« for ^« le ^aisii of nnit* tsaing IStJIS
Fttrth«r work U If4i4fti«d t^ <Uii*iwln« ttm ^sAnto wid
#rf«}t f th« 60 93r9l» n'>l«« Tolt«ft« ^v«lop*d ^y tfeM tmrjit*! In
tn« ftero to Id (id«roa»p«r« ol«i r»flon.
0# tohmdm >^fS 4»t<itv.
8iBu<xHUfinr
1 armfi Sl^oirenias Staff, »l««%r«-' - '^'-btg a-^d Cj,r*tt-ta .
Mm Twki »«<lr«Mliu Sc-- .*ny, ^.a., 19l?, |» tH»
I ^teRt'^LlOt '• J»t *''>««l«i!>f*a«ji«w t^«otifl«ra, - 'l»gtjrl04X ^^ogiworlng
68i56S "at, 19U9.
k atrteMi MMi* *»mptm»m st«tM af HMttflomtion -^f « mtsl^
«•/ IS, 1917.
i t«ra*«n, Jote, *Oii %im Jimor/ ^f t^f \-C ImpmAmmm of m. Coniaot
^ttly, 1919.
4 Hy^Mn, Jolm» <il. L« ^Mrson, ^'SlMtrlattl Pro;^rtiM of r'l
I9i»9.
7 •rliifwrt Jc., " >:,<tAl «t*«toF« ar ul Vldao ftwalv*?,"
6 mth, H. A., "TlMorj ar aifii >>e n^fttior »]r ;.iiU9«*
aryitali,- «U«^K Mpori ........ ^- ?9, 1912.
9 Iraiiain, '• ., v. ardaan, *ia%«« of tvm Komar --dnt in
::>ar»aniaii P^lni Coniaata, Fhyioal Ravl<wr, .... ..;^, 19Ui.
Id C<»naall, ., v. /. >ei«»kopf, "TlMiary of I "Dur5.ty oattariaf in
^aaiaoadoaiari, " f'hylaal ffm^iimw, f,^xl%, V)hk.
11 fvkf *». T., "Tliaorjr of iaatlfla«tl3>r of ar ina^slaiinjf Layar,"
l%y«iaal navlaw, 7ol 71*, ^o» 1?, 19 r,
12 Nanf«ld, S. f., "Tlw lafloanaa >f i^vrfA:Ts ra'ti rj and
apaaa 7hars<Mi an tha C<9n uativlL/ c^f ra«r von<iaa%ara»"
PtiyalaaX Rarlaa
, 31»?>1, 19ii9.
13 Joffa«, .?., "Av.ttssaar. ' ' ^^ -'f . cj*""?ttky»» :''»:-j«r« -r. 7Ni
ladtriial "^ww^Rluatlona, 22in7, 19)^9.
ill taaaon, A. ., at al, "Bahavior of 6il ami r:,»t4i« at \.&m
Laval IPawara," *'n}Tariily of f'«nna/lTar»la, "» jit: Haport









rri 'i.'^l»»i/.?jkf: ,X.t«»#?nt' ; ^i
•tf^
gTOfi'
16 f.u'k^SldrovliSy I,*, "*^rmpurmtimi of .^'Mtidan^^iors and
17 l*iurte-i«»©rlt«t ^.. V. A, aolH!«<Mft» ^t^tersr ^i Resistivity in
avriHinim .in^^B,*' l^y^l tgvtirw, 69i?5e, 19r,6«
I9hk.
^ivarsity of P«nf» ff^^mrt \ , 4«ily 6
l9hS.
PhylsaX ?i>ir !«iir, ¥•! IT, V'ny 15, 191t7»
iyii5.
Hi Sohiiff, J» H,, St al, « arvd w-?jrp« 8lli«<»ti,''
^Slf^l
IriiiiaiHioin, li:>o< j-<>o6, 1919.
(Ailv«Mlt/, tfT^C '^mn^rt ll-te?, .^^r.« ?^, 19143.
ii fiAifcarlal not* ^-^
•£il-




fht AotlMr «M IMTA in Say Cl%jrp Vlitiiif«R, iNb* i, I9t0.
8» i«Miv«i bi« A»mmiM%m im^mimt vf $i^«io9 ^•ct'M tram th» iii«y
Agiril»<ir iafi< ifTttMNilad )« t^ii3 «ith ill* 4i^v«* of iiiriwl«r «t
aiMM I943i tw hm iir^^d «• a a<MBU«imi»d officer la
Za I9ii7, IM «w «irt%l«i to %i» ^. «• li«9«l Pw%fr«iMU
gtlii>i» HaptrtMiii of OvtiMMM* HiflaMrliif» and v^od aMHAaiiMi «f



















mination of the low-level






mination of the low-level
characteristics of IN23B
crystals.

